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Tainter Gate Overview 

• Most common type of gate for a 

spillway crest 

• Favorable hydraulic discharge 

characteristics from curved shape 

• Economical 

• Simplicity 

• Light Weight 

• Low Hoist Capacity 

• Hydrostatic loads transferred 

through the trunnion 

• Terminology 
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Trunnion Friction Background 

• 1995 Folsom Dam Gate Failure. 

• Failure mode due to excessive friction 

• Coefficient of Friction   = 0.3  

• USACE Design / Retrofit ETL 1110-2-584 

 

 

 

 

 

 

 

• FERC (0.3 in the absence of a measured 
value) 

• Reliable design/retrofit  

• Doesn’t address safety of existing gates. 

• Need for realistic value 
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• Puget Sound Energy 

• 3 Spillway Gates 

• Self Lubricating - Lubrite 

• 1999 Hands-on Inspection by 
HDR 

• 2009 Hands-on Inpspection 
& Laser Deflection Testing by 
MWH/Extreme Access 

• 5-Year Trunnion Friction 
Monitoring 

Upper Baker Dam 
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Upper Baker Dam  

• Strengthened following 
2009 Inspection & 
Analysis for Maximum 
Credible Earthquake  

 

• No Maintenance (Self-
Lubricating) 

 

• Routine Exercise - 
Weekly 

 

• 2014 Strain Gage 
Testing by BDI, Inc 

 

• 16 strain transducers 

• 2 rotation sensors 

• 2 torque sensors 

• Amp sensor 
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Upper Baker Dam - Instrumentation 
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Upper Baker Dam – Instrumentation  

 

D 

C 
A 

B 



9 

Upper Baker Dam - Instrumentation 

• 3 series of “Up-Down” spill tests 

• Each test included 3 sets of direction reversal 

• Direction reversal consisted of lifting the gate until friction was 

broken, pausing, then lowering until friction was broken again 
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Upper Baker Dam - Instrumentation 
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Upper Baker Dam - Instrumentation 
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Upper Baker Dam - Instrumentation 
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Upper Baker Dam – Friction Results 

• All friction coefficients below 0.3 

• Results compared with 2009 Laser deflection test 

• 2010 strength analysis: safe up to μ = 0.40 

 2014 Strain Gage Results – 

Reservoir Elevation 722.0 

2009 Laser Deflection Results – 

Reservoir Elevation 718.0 

Gate 
Arm 

Designation 

Maximum 

Friction 

Coefficient 

Arm Deflection 
Friction 

Coefficient 

Gate 1 
North Pin 0.09 0.25 0.18 

South Pin 0.15 0.38 0.23 

Gate 2 
North Pin 0.16 0.63 0.33 

South Pin 0.17 0.38 0.23 

Gate 3 
North Pin 0.07 0.25 0.18 

South Pin 0.29 0.51 0.28 
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Upper Baker Dam - Comparison 

• Did not take laser deflection measurements in 2014 for direct 

comparison 

• Reservoir elevation not significantly different 

• Laser deflection could verify strain gage results if already 

instrumenting the gate 

• 2009 friction varied between 0.18 and 0.33 (range of 0.15) 

• 2014 friction varied between 0.07 and 0.29 (range of 0.22) 

• Wider range of friction values with strain gages.   

• Resolution of laser measurements versus strain gage  

• Methodology or instrument installation issues 

• Change in friction or just change in measurement technique 
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Chief Joseph Dam 

• US. Army Corps of 

Engineers – Seattle 

District 

• 19 spillway gates 

• Lubrite “or equivalent” 

• 3 gates instrumented in 

2012 by HDR & BDI, Inc. 

 

• Additional instrumentation 

required due to gate arm 

design: 

• 28 strain transducers 

• 2 displacement 

sensors 

• 1 rotation sensor 

• 1 Torque sensor @ 

pinion gear 
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Chief Joseph Dam - Instrumentation 
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Chief Joseph Dam – Friction Results 

• Consistency between tested gates across spillway 

• Finite Element Analysis of gates for trunnion friction coefficient of 0.3 

• Fit for Service Evaluation with measured friction coefficients 

Gate Arm 
Friction  

Coefficient 

Gate 4 

North Pin 
0.11 

South Pin 
0.12 

Gate 12 

North Pin 
0.11 

South Pin 
0.11 

Gate 19 

North Pin 
0.13 

South Pin 
0.11 
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Summary 

• Consider comparison of instrumentation methods 

• Standardized testing not currently documented 

• Accuracy, Precision, Resolution 

• Multiple performance measures 

• Pinion torque 

• Cable tension 

• Hoist Power 

• It isn’t just trunnion friction… 

• Follow the load path, remember the big picture 
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Questions? 

Thank You. 


